. After complete addition, the mixture was allowed to warm to ambient temperature and then stirred overnight. The organic solvent was removed and the colorless liquid was dissolved in 300 mL deionized water. It was extracted three times with each 100 mL methylene chloride. The combined organic phases were washed with 100 mL brine and dried over MgSO 4 . The solvent was removed resulting in 4.74 g of turbid, colorless oil (yield: 94.1%). 
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Synthesis of compound 2
Reppe anhydride 2 was synthesized as described in reference 1. 5 g (48 mmol) cyclooctatetraene and 4.708 g (48 mmol) maleic anhydride were converted in 1,2-dichlorobenzene. The crude product had a melting point of 162°C (lit. 165-168°C). It was purified by sublimation on high vacuum resulting in 6.123 g of colorless crystals with a melting point of 167°C (yield: 63%). To obtain compound 3, 0.870 g (1.1 eq., 3.54 mmol) Boc-PEG 1 were reacted with 0.651 g (1 eq., 3.22 mmol) Reppe anhydride 2 in 80 mL MeOH. The reaction mixture was heated for 3 h at 80°C under reflux. As the TLC analysis verified the completion of the reaction, the solution was cooled down and methanol was evaporated under reduced pressure. The crude product was dissolved in water and extracted twice with each 30 mL diethyl ether. The organic phase was dried over MgSO 4 and the solvent was removed. 1.1 g of compound 3 were obtained (yield: 82%). 
Synthesis of compound 3

H-NMR
Synthesis of compound 4
Synthesis of compound 4 was performed as described in reference 2. 15 g (80.7 mmol) iodoacetic acid were dissolved in 30 mL deionized water and 5 mL aq. NaOH (40% (w/w)) were slowly added at 0°C. The solution was allowed to warm to ambient temperature. 9.56 g (92.8 mmol) ethyl-acetohydroxamate were added drop-wise to the stirring solution followed by the addition of 7.5 mL aq. NaOH (40% (w/w)) and 20 mL deionized water. The mixture was heated to 80°C for four hours. During this time, the pH was retained above pH 12 using aq. NaOH (40% (w/w)). The yellow solution was cooled down to ambient temperature and 100 mL deionized water were added. The solution was washed twice with each 50 mL methylene chloride. The pH of the solution was adjusted to pH 2.0 using 1 M aq. hydrochloric acid. The solution was extracted four times with each 50 mL methylene chloride. Between the extraction steps, the pH was adjusted to pH 2.0 using 1 M aq. hydrochloric acid. The combined organic phases were washed with 50 mL brine and dried over CaSO 4 . Evaporation of the solvent resulted in 6.98 g colorless oil (yield: 53.8%). This compound is the precursor for compound 4.
The colorless oil (6.98 g, 43.2 mmol) and 4.973 g (43.2 mmol) N-hydroxysuccinimide were dissolved in a mixture containing 100 mL dioxane and 120 mL AcOEt. The solution was cooled to 0°C and 6.69 mL (5.452 g, 43.2 mmol) N,N′-diisopropylcarbodiimide (DIC) were added drop-wise. After complete addition the cooled mixture was stirred for additional 30 min and was afterwards allowed to warm to ambient temperature and stirred overnight. The white precipitate was separated by filtration and the solvent was reduced to a volume of 50 mL in vacuo. The colorless precipitate was removed by filtration and the remaining solvent was removed. The colorless oil was dissolved in 200 mL chloroform and washed three times with each 40 mL aq. NaHCO 3 (5% (w/w)) and three times with each 40 mL brine. 
Synthesis of compound 5
N O O O O BocHN N O O O O N H O O N O 1) 20% TFA in CH 3 Cl N O O O N O O O 2) 3 4
5
DCM
The deprotection of the Boc group was conducted in 20% TFA in chloroform for 1 h at ambient temperature. As LC-MS analysis confirmed the complete Boc elimination, TFA was removed under reduced pressure. 0.8 g (1.0 eq., 1.85 mmol) of the deprotected Reppe-PEG 3 were reacted with 1.01 g (2.0 eq., 3.7 mmol) NHS activated aminooxy building block 4 in 30 mL dichloromethane for 16 h at ambient temperature. After complete reaction dichloromethane was removed under reduced pressure and the crude product was dissolved in deionized water. The aqueous solution was extracted thrice with chloroform. The organic phase was dried over MgSO 4 and the solvent evaporated in vacuo. Final purification was done by flash column chromatography, applying an isocratic DCM:MeOH (9.5:0.5) mixture giving 0.167 g light yellow oil (yield: 19%). Compound 6 was synthesized according to reference 3. 5 g (47.57 mmol) 2-pyrimidinecarbonitrile and 7 g (47.57 mmol) 4-cyanobenzoic acid were employed as described in reference 3. 2.915 g of a yellow solid were obtained (yield: 21.7%). This substance is the precursor for compound 6. 2.8 g (9.9 mmol) of the yellow solid were oxidized as described in reference 3. 2.37 g of purple solid 6 were obtained (yield: 85.5%). 0.62 g (2.08 mmol) of compound 6 were suspended in 10 mL thionyl chloride and 10 drops of DMF were added. The setup was equipped with a dry pipe filled with MgSO 4 . The mixture was stirred for three hours at 90°C. Afterwards the mixture was allowed to cool to ambient temperature and the excess of thionyl chloride was removed in vacuo.
H-NMR
Synthesis of compound 7
The residue was dissolved in 100 mL chloroform and 1.445 mL (1.072 g, 8.3 mmol) N,N'-diisopropylethylamine (DIEA) were added. The mixture was cooled to 0°C. 1.031 g (4.16 mmol) of compound 1 were dissolved in 10 mL chloroform and the solution was added drop-wise. The setup was equipped with a dry pipe filled with MgSO 4 and the mixture was stirred overnight at ambient temperature. The reaction mixture was washed five times with each 30 mL deionized water and the organic phase was dried over MgSO 4 . After removing the solvent the purple residue was purified by flash column chromatography using the solvent mixture EtOH:DCM 1:9 (v:v) (R f =0.44). 0.452 g purple solid were obtained (yield: 42.6%). After two hours at ambient temperature, complete deprotection of compound 7 was confirmed by thin-layer chromatography (TLC). The solvent was removed and a purple oil containing residual TFA was obtained. To remove remaining TFA, the oil was dissolved in a mixture of methanol and cyclohexane and the solvent was removed in vacuo. After several steps, the remaining oil was dissolved in water and dried by lyophilization. The purple solid was dissolved in 60 mL DMF and 0.462 mL (0.343 g, 2.66 mmol) DIEA were added. 0.457 g (1.77 mmol) of compound 4 were dissolved in 10 mL DMF and were added drop-wise to the mixture. After complete addition, the mixture was stirred for additional three hours at ambient temperature. The solvent was removed in high vacuum and the excess of DIEA was removed thoroughly. The remaining purple oil was dissolved in 70 mL deionized water and the aqueous phase was extracted twice with each 30 mL chloroform. The solvent was removed and 0.584 g of a purple solid were obtained which was purified by flash column chromatography using the solvent mixture DCM:MeOH (9.5:1 (v:v)) (R f =0.59). 0.302 g of yellow solid were obtained (yield: 61.2%). Deprotection of compound 8 towards 8a:
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For deprotection of compound 8 it was dissolved in 20% (v:v) TFA in chloroform and stirred for 120 min at ambient temperature (the deprotected compound forms a second phase). The solvent was removed and residual TFA removed by dissolving the purple oil in water followed by lyophilization. 
RP-HPLC,
Microwave-assisted solid-phase peptide synthesis (SPPS) of peptides 9-14
Microwave-assisted Fmoc-SPPS was performed on a CEM liberty® peptide synthesizer equipped with a CEM discover® SPS microwave (CEM GmbH) using DMF as solvent. As solid supports 2-chlorotrityl resin from Iris Biotech GmbH (peptides 9, 10, 12, and 13) and AmphiSphere™ 40 RAM resin from Varian Inc. (peptides 11 and 14) were used. Triple coupling of the amino acids and double deprotection was performed upon microwave assistance. For all amino acids except arginine, coupling was performed at 30 W and 50°C for 15 min. Coupling of arginine was performed at ambient temperature for 60 min. Deprotection was performed at 30 W at 50°C for 5 min). Each amino acid was attached using 4 eq. of the respective Fmoc-protected amino acid, 3.9 eq. of O-(benzotriazol-1-yl)-N,N,N′,N′-tetramethyluronium hexafluorophosphate (HBTU) (Iris Biotech GmbH), and 8 eq. base (DIEA for all amino acids except cysteine; for coupling of Fmoc-S-trityl-L-cysteine, collidine (SigmaAldrich) was used).
Peptide cleavage and workup
All peptides were cleaved from the resin using 92% (v:v) trifluoroacetic acid (TFA), 2% (v:v) H 2 O, 4% (v:v) triethylsilane (TES), and 2% (v:v) anisole. In case of cysteine-containing peptides, a spatula tip of dithiothreitol (DTT) was added to the cleavage cocktail. After shaking 2 h at room temperature, the solution was filtered and injected into ice-cold diethyl ether. The mixture was cooled down to -20°C for one hour and the precipitate was separated by centrifugation. The supernatant was discharged and the precipitate resuspended in icecold diethyl ether. The procedure was repeated additionally two times and the precipitate was dried in a desiccator. The obtained solid was dissolved in 10% (v:v) aqueous MeCN and the solvent was removed by lyophilization resulting in a fluffy consistency of the solid.
Oxidation of N-terminal serine residues
Cysteine-free crude products were oxidized using 10 eq. of sodium periodate in PBS buffer for 10 min. The reaction product was isolated by RP-HPLC using a Varian 940-LC equipped with a YMC Europe GmbH C 18 column (250 × 20mm; S-4 µm, 8 nm). Thereby, aldehydebearing peptides 9, 12, and 13 were obtained. For the synthesis of aldehyde-bearing folded peptides 10, 11 and 14, oxidative folding was followed by the above-described periodate oxidation procedure and by RP-HPLC purification. [4, 5] The structures of all synthesized peptides are given in scheme ESI-2.
Scheme ESI-1: Mechanism of periodate oxidation of N-terminal serine residues.
Scheme ESI-2: Bioactive peptides 9-14 equipped with aldehyde functionality. 18.1%
General procedure for oxime ligation of inverse electron-demand Diels-Alder building blocks 5 and 8 to peptides 9-14
Each 1 eq. of the aldehyde-bearing peptides 9-14 and varying equivalents of the aminooxybearing inverse electron-demand Diels-Alder building blocks 5 and 8 were mixed in 50% (v:v) aq. TFA and the mixture was shaken overnight at ambient temperature. The TFA was removed under reduced pressure and the aqueous solution was purified by semi-preparative HPLC. Reaction details are listed in 0.51 g (4.94 mmol) 4-aminobutyric acid and 0.5 g (2.47 mmol) of compound 2 were suspended in 10 mL methanol. The mixture was stirred for two hours at 100°C. After cooling down to ambient temperature, the solvent was removed in vacuo. The colorless solid was purified by flash column chromatography by using a solvent mixture of toluene and methanol in a ratio of 9:1 (v:v) (R f =0.43). 472.1 mg of a colorless solid were obtained (yield: 66.6%). 
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Synthesis of compound 31
348 mmol) of compound 30 were dissolved in 5 mL dry acetonitrile and the solution was cooled to 0°C. 0.121 mL (0.09 g, 0.696 mmol) DIEA were added to the cooled solution. 0.093 g (0.452 mmol) dicyclohexylcarbodiimide (DCC) and 0.06 g (0.522 mmol) N-hydroxysuccinimide (NHS) were dissolved in 3 mL acetonitrile and were added drop-wise to the cooled solution. After complete addition, the mixture was stirred for one hour on ice and afterwards stirred at ambient temperature overnight. The colorless precipitate was separated by filtration. The solvent was removed in vacuo and the colorless solid dissolved in 40 mL dry DMSO. 1.225 g (1.044 mmol) of octammonium POSS (Hybrid Plastics) were dissolved in 10 mL dry DMSO. To this vigorously stirred solution, activated compound 30 was added drop-wise at ambient temperature and after complete addition, the mixture was stirred overnight. The solvent was removed by lyophilization and the colorless oil was purified by semi-preparative RP-HPLC (gradient: 10→100). The solvent was removed by lyophilization and 0.113 g of a white solid were obtained (yield: 28.3%).
RP-HPLC, 10→100% B, t R =12.64 min. 
ESI-HR-MS
General procedure for inverse electron-demand Diels-Alder reactions of peptides 15-20
Inverse electron-demand Diels-Alder functional groups grafted peptides 15 to 20 were dissolved in 10% aq. acetonitrile containing 0.1% TFA at a concentration of 10 mg/mL (w:v). Equimolar amounts were mixed according to table ESI-5 and were shaken at ambient temperature overnight. The reaction is schematically shown in scheme ESI-4. The reaction mixtures were analyzed by RP-HPLC and the turnover was determined by comparing the area of the absorption at 220 nm corresponding to the peptides 15 to 20 before and after the reaction. The HPLC-traces of the reactions are shown in figure ESI-1 In the frame of our proof-of-concept study, the products 21-29 were HPLC purified in the amounts required to perform the HR-MS analysis. As we did not plan further activity assays, the fractions from the analytical purification runs were collected and analyzed. Therefore no isolated yields but HPLC conversions are given (Fig. 4B) . 
Inverse electron-demand Diels-Alder reaction for the synthesis of compound 32
Compound 32 was synthesized using 1.0 mg of 31 (1 eq., 0.87 µmol) and 2.3 mg of 16 (1.2 eq., 1.044 µmol). Both compounds were dissolved in dry DMSO and reacted overnight at ambient temperature. The reaction completion was confirmed via LC-MS. 
